Characterised as a traditional technique for the production of food and biomass, intercropping is a practice mainly used by small rural producers. In general, the practice has sought to maximise the use of environmental resources in an area, as well as to promote the ecological balance of different ecosystems. The aim of this study was to evaluate the performance of radish intercropped with coriander in a region of semi-arid climate. The experimental design was of randomised complete blocks, with five replications per treatment: 1) 'Cometo' radish intercropped with coriander, 2) monocropped 'Cometo' radish, 3) 'Saxa' radish intercropped with coriander, 4) monocropped 'Saxa' radish, and 5) monocropped coriander. The coriander and/or radish plants from each treatment were harvested 30 days after sowing. The following parameters were evaluated in the radish: number of leaves per plant, fresh shoot weight, shoot length, taproot length, taproot diameter, taproot weight and productivity; while in the coriander the following were evaluated: number of stems per plant, fresh shoot weight, shoot length and productivity. The Area Equivalence Efficiency (AEE) was also evaluated for the main crop. The 'Saxa' radish showed the highest productivity, both as a single crop and when intercropped (15.40 and 14.32 t ha -1 of root, respectively). AEE values were greater than 1 in both intercrops, 2.13 and 1.70 for the intercropped 'Cometo' and 'Saxa' radish respectively, showing this cropping system to be an important way of optimising coriander cultivation in the area of study.
Introduction
Vegetables are plant species that have received special attention in recent years. This is due to the countless studies carried out that have justified their use as functional plants which also have high concentrations of nutrients essential to human life. Due to their great diversity of colour, taste and texture, vegetables have been widely used in preparing various traditional dishes in different regions of Brazil (Nascimento et al., 2017) .
In the media, vegetable production has gained special prominence, as researchers and scientists from all over the world have reported that plant species which comprise this group may contribute most to a longer and healthier life (Taguchi, 2016) . According to researchers, global vegetable production is approximately 7 million tons per year (Linhares et al., 2015) .
In order to meet the growing demand for this group of plants, it has become increasingly necessary to adopt cropping systems that make greater productivity possible (Nascimento et al., 2017) . As such, the use of intercropping techniques has been used with satisfactory results in olericulture.
One of the vegetable crops most commonly used in intercropping is the radish (Raphanus sativus L.). Belonging to the Brassicaceae family, the radish is small in size and classified as annual. It is believed to have originated in Europe. Commercially, it is highly profitable, affording greater and faster capital turnover (Linhares et al., 2015) .
In Brazil the radish is not considered a significant crop in terms of area or production, despite being an ingredient in various dishes (Linhares et al., 2015) . However, the crop has established itself as an important growing option for the rural producer, since it has the characteristic of a short cycle and can be harvested 30 days after sowing, which generates quick economic return (Montezano, 2006) .
Morphologically the radish plant is characterised by having a tuberous root with an epidermis of an intense red colour, being white inside. Its pungent taste is characteristic and attracts consumers around the world (Filgueira, 2008) . Its short cycle, together with its hardiness, make the radish an interesting crop for use under an intercrop system (Grangeiro et al., 2008) .
In addition to the radish, coriander is a widely used vegetable in Brazilian cuisine, especially in the northeast of Brazil, where it is considered a crop that affords a large turnover (Pereira et al., 2011) . Its small size, together with its quick growth cycle, makes it one of the most used crops in intercrop systems.
In view of the above, the aim was to evaluate the performance of two radish cultivars intercropped with coriander leaf under the soil and climate conditions of the town of Pentecoste, located in the semi-arid region of the State of Ceará, where vegetable production is still limited and not very significant.
Method
The experiment was carried out in the field, from February to April 2016, in a region destined for activities related to family and organic farming. The area is located in the Curu Valley, in the town of Pentecoste, in the State of Ceará.
The experimental design was of randomised blocs, with five replications per treatment. The treatments used were 1) 'Cometo' Radish (Raphanus sativus) intercropped with coriander (Coriandrum sativum), 2) monocropped 'Cometo' radish, 3) 'Saxa' radish intercropped with coriander, 4) monocropped 'Saxa' radish, and 5) monocropped coriander.
The predominant soil in the cropping area had a sandy-loam texture. The characteristics of the soil indicated: pH = 7.0, P = 66.51 mg dm -3 , K + = 160.00 mg dm -3 , Ca 2+ = 7.3 cmolc dm -3 , Mg 2+ = 3.80 cmolc dm -3 , Al 3+ = 0.00 cmolc.dm -3 , H + Al = 0.00 cmolc dm -3 , SB = 12.03 cmolc dm -3 , CEC (t) = 12.03 cmolc dm -3 , CTC (T) = H + Al = 19.64 cmolc dm -3 , V = 100.00% and m = 0.00%. ISNa = 4.34%, OM = 2.07 dag Kg -1 , P-rem = 45.7 mg L -1 , Zn = 4.4 mg dm -3 , Fe = 130.9 mg dm -3 , Mn = 95.8 mg dm -3 , Cu = 1.4 mg dm -3 and B = 0.5 mg dm -3 .
Weeding, soil turning to a depth of 0.30 m and the incorporation of 200 L of organic compost were carried out to prepare an area of 10 m 2 . This was followed by the levelling and declumping of the soil to facilitate sowing and crop development.
Each of these operations was carried out manually using a hoe, with the aim of creating the physical and chemical conditions of the soil necessary for the tuberous roots of the radish to develop well.
The spacing used for the radish was 0.1 m between plants and 0.2 m between rows. The rows of coriander were spaced 0.2 m from the rows of radish and, when grown as a monocrop, from the other rows of coriander.
Each plot had a total area of 2 m², with only the 20 central radish plants and the two central rows of coriander in each treatment considered for each plot.
Cultivation of the radish and coriander was by direct sowing. For the radish, two seeds were sown per hole; for the coriander, 4 g of seed were evenly distributed per linear metre of crop row. The cultivars of radish used were Cometo and Saxa, while 'Verdão' was used for the coriander.
Hand weeding was carried out every week to control invasive plants. Fifteen days after sowing, neem extract was applied to reduce the level of attack by pests.
To prepare the extract, 100 g of immature neem fruit were harvested at the time of preparation. The fruit was shredded in a blender with 1L of water to obtain the 10% extract (w/v). The extract was applied at a dose of 0.5% (w/v).
Fifteen days after sowing the crops in the field, cover fertilisation was carried out, with 40 L of organic compost placed in each plot (2 m 20 ).
The radish plants in each treatment were harvested 30 days after sowing and the following parameters were obtained: 1) number of leaves per plant (NL), 2) shoot fresh weight (SFW, g plant -1 ), 3) shoot length (cm) with the help of a tape measure; 4) taproot length (measured with a digital calliper (TL, mm), 5) taproot diameter (TD, mm), 6) taproot fresh weight (TFW, g plant -1 ), and 7) Productivity, with raddish root yield and with coriander above-ground plant material (P, t ha -1 ).
The coriander plants were evaluated for 1) number of stems per plant (NS), 2) shoot fresh weight (SFW, g plant -1 ), 3) shoot length (cm), and 4) productivity (P, t ha -1 ).
In addition to the agronomic aspects, the Area Equivalence Efficiency was also evaluated: AEE = [(productivity of the intercropped radish/productivity of the monocropped radish) + (productivity of the intercropped coriander/productivity of the monocropped coriander)], as per Montezano and Peil (2006) .
The data were submitted to analysis of variance using the Sisvar software (Ferreira, 2011) , and when a difference was found between treatments, they were compared by the Scott-Knott cluster test at a significance level of 5%.
Results
The monocrop and intercrop systems did not influence the characteristics under evaluation in either of the two radish cultivars being studied (Table 1) . However, a difference was found for each characteristic when the two cultivars were compared with each other, irrespective of the cropping system (Table 1) . 'Saxa' presented the highest values for each characteristic under evaluation compared to 'Cometo'. Note. Mean values followed by the same letter in a column do not differ at a significance level of 5% by the Scott-Knott cluster test.
The difference seen between the two radish cultivars under evaluation showed better adaptation by 'Saxa' to the soil and climate conditions of Pentecoste when compared to 'Cometo', since even under the monocrop system, the former presented more significant production values.
The greater number of leaves emitted by 'Saxa' in relation to 'Comet', as well as the higher values seen for shoot length and fresh weight, may have decisively interfered in the higher values found for taproot characteristics and productivity, which, irrespective of the cropping system, were always greater than seen for 'Cometo'.
For the coriander, both the monocrop and the intercrop with the 'Cometo' radish showed the greatest values for shoot length, number of stems and plant fresh weight, differing from the coriander intercropped with 'Saxa' (Table 2) . Note. Mean values followed by the same letters in a column do not differ at a significance level of 5% by the Scott-Knott cluster test.
For productivity in the radish, it can be seen in Figure 1 that 'Saxa', under both the monocrop and intercrop systems (15.40 and 14.32 t ha -1 respectively), produced approximately 15% more than 'Cometo' (13.50 and 12.86 t ha -1 respectively) grown under the same cropping systems (Figure 1 ).
Figure 1. Productivity in the radish, intercropped with coriander and as a monocrop
The greatest values seen for productivity in the coriander (Figure 2) were in the intercrop with the 'Cometo' radish and in the monocrop (8.64 and 7.33 t ha -1 respectively).
Figure 2. Productivity in coriander, intercropped with two cultivars of radish and as a monocrop
Regarding the efficiency of intercropping in relation to the monocrops, it can be seen from the Area Equivalence Efficiency (AEE) that intercropping gave values greater than 1, of 2.13 and 1.70 for the 'Cometo' and 'Saxa' radish respectively, and that in general, the crops used in the intercrop showed a potential for making use of productive space when grown concurrently. According to the results, an increase of 113% in cultivated area would be required for 'Cometo' to produce, under the monocrop system, the same weight of taproots produced in the intercrop with coriander, while for 'saxa', the necessary increase in area would be 70%.
Discussion
According to Taiz and Zeiger (2013) , the leaves are the organs responsible for intercepting and converting light energy into photo-assimilates for the plant. The greater number of leaves emitted by 'Saxa' may have given it a larger leaf area, i.e. the plants of this cultivar possibly intercepted a greater amount of solar energy and were thereby able to carry out more photosynthesis. This increase in the production of photoassimilates, which were mainly directed to the strongest sinks, in the case of this species, to the taproots (Gonzalez-Sanpedro et al., 2008) .
Other researchers, working with radish intercropped either with coriander or with other crops in locations with different climate conditions than those seen in this study, have had differing results. Granjeiros et al. (2008) , evaluating productivity in radish intercropped with coriander, found no difference for systems set up at different Vol. 11, No. 18; 2019 times. On the other hand, Cecílio Filho and May (2002) found greater productivity in radish under an intercrop system compared to the monocrop. Rezende et al. (2014) , working with radish intercropped with lettuce, achieved greater productivity in the radish under the intercrop system, approximately 17 t ha -1 , while under the monocrop system, productivity was approximately 8 t ha -1 .
As the crop is suitable for production in regions of mild climate (Filgueira, 2008) , both radish cultivars showed good productivity, even under the semi-arid soil and climate conditions of Pentecoste, Ceará; this was because they were close to the mean range for productivity of 15 to 30 tons of roots per hectare, reported by Guimarães and Feitosa (2014) as the mean recurrent range for productivity in commercial crops.
From the success obtained with intercropping, irrespective of the radish cultivar associated with the coriander, one inference is the possible promotion of greater ecological balance, since this cropping system aims to maximise the use of environmental resources in the area and reduce the incidence of pests, diseases and weeds, avoiding the use of fertilisers and pesticides (Mota et al., 2010) . Another important point, according to researchers and also seen in this study, is the efficiency of the intercrop, which depends directly on the system and the crops involved, since a so-called complementarity occurred between the intercropped species, showing it to be a more advantageous practice than the monocrop of each of the species under evaluation (Cecílio and Taveira, 2001).
Conclusion
Based on one year's data, it is concluded that intercropping radish with coriander can be recommended as a cropping system for the soil and climate conditions of the region under study, with the Saxa cultivar being the most suitable for production under such conditions, regardless of the type of cropping system adopted, whether monocrop or intercrop.
